Abstract: An experiment was conducted to evaluate physiological maturity of French bean genotypes at District Seed Farm "D" Block, Bidhan Chandra Krishi Viswavidyalaya, Kalyani, Nadia, West Bengal during winter season of both 2012-2013 and 2013-2014. All the five genotypes were grown with sufficient population in three replications following randomized block design (RBD) for the purpose of developmental studies. Developing pods were harvested at different stages, starting from 7 days after anthesis (7 DAA) to 49 DAA with an interval of 7 d, including the field maturity stage, thus leading to study on maximum seven different stages. Harvested pods and seeds were utilized for this development programme through dry seed weight, germination and vigour index. Enhancement in dry matter accumulation in seed continued till 42 DAA for Selection 9 and Victoria in both the years; it was 49 and 42 DAA for Sonali in respective years; it was 49 DAA for Abhay in both the years; and for Deepali, it was 42 DAA along with statistically similar magnitude at 49 DAA. Significant enhancement in germination potential of developing seeds continued till 42 DAA for Selection 9 and Deepali, while it was 49 DAA for the other three genotypes. Enhancement in vigour index continued till 49 DAA for all the genotypes except for Selection 9, for which it continued till 42 DAA and then declined.
Introduction


French bean (Phaseolus vulgaris L.) is one of the most important legume vegetables and also is one of the important members of bean group. Among all the beans, it is most extensively grown bean because of its short duration and higher nutritive values. It is a valuable source of protein, vitamins and minerals.
Seed development and maturation study is important, because the seeds should be harvested at appropriate stage to ensure good yield associated with viability, vigour and field performance [1] . At physiological maturity, seed achieves desirable characteristics and has maximum viability and vigour. So, it is necessary to harvest crop at physiological maturity to attain desirable quality seeds. Production of quality seeds and its maintenance till next sowing are very important in commercial cultivation of any crop. Stage of maturity at harvest is one of the most important factors that can influence the quality of seeds [2] . Optimum stage of harvest of pods and seeds determines its quality as well as storage longevity of seeds to a great extent in tropical regions where temperature and humidity are high [3] . Seed viability and vigour are lost gradually after physiological maturity as natural seed deterioration progresses [4] . Harvest maturity is the earliest moment when the seed moisture has declined to a level that makes the crop harvestable for its dry seeds [5] . For mungbean, this moment is when moisture content is 19% [6] and in dry beans the moisture content varies from 17% to 25% [7, 8] . Considering all these aspects of limitations, the present programme was undertaken to identify proper stage of physiological maturity during seed development.
Materials and Methods
Five selected genotypes, viz., Sonali, Selection 9,
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Deepali, Abhay and Victoria, used for study on its pod and seed development pattern, were critically observed from seedling emergence till they attained maturity during winter season of both 2012-2013 and 2013-2014. All the five genotypes were grown with sufficient population (approximately 150) in three replications following randomized block design (RBD) for the purpose of developmental studies. Sufficient numbers of flowers (around 500) for each genotype were tagged on a specific date of anthesis to avoid differential environmental influence. Developing pods were harvested at different stages of starting from seven days after anthesis (7 DAA) to grow up to 49 DAA with an interval of 7 d, including the field maturity stage, thus limiting the study to maximum seven different stages. Sufficient pods for each replication were randomly harvested at each developing stage, though number of pods varied depending on the requirement of study in accordance with the particular stage of development, and seeds were separated carefully from the pod wall. Observations were recorded on average dry weight of developing seeds, seed germination (%) [9] and vigour index, at both the years for all stages of development. Average seedling length was multiplied by germination (%) for determination of vigour index [10] . Statistical analysis was done with factorial completely randomized design (FCRD) [11] .
Results and Discussion
Average dry matter accumulation continued till 42 DAA, after which it declined in both the years, but the change in the second year from 42 DAA to 49 DAA could be noticed as statistically non-significant. Reduction in dry weight at later stages of development happened not only due to desiccation, but also due to declining trend in accumulation of food reserves [12] . Erratic situation could be revealed for trend in development of seeds of individual genotypes, which may have been resulted in due to varying responsiveness of individual genotypes towards climatic irregularity prevailed during seed development in the second year. It was significant of the highest magnitude at 42 DAA for Selection 9 and Victoria in both the years, 49 DAA for Abhay in both the years with non-significant change from 42 DAA to 49 DAA in first year, and statistically similar with highest magnitude at both 42 DAA and 49 DAA in both the years for Sonali and Deepali along with non-significant change from 35 DAA also in second year (Table 1) . Such varying combination of developmental facets recorded for individual genotypes indicate its uniqueness for expression of this vital character. Maximization in dry weight of seeds is considered as an index of seed maturation [10] .
Average germination potential of seeds was observed as maximum for Selection 9, followed by Victoria, Deepali, Sonali and Abhay with non-significant difference between Deepali and Victoria in first year; while in the second year, exchange in position between Deepali and Victoria occurred in significant manner and non-significant difference could be noticed between Abhay and Sonali for this parameter (Table 2) . Overall enhancement in germination potential of seeds continued significantly till 49 DAA, when average was made over the genotypes, irrespective of the years of experimentation. While considering the performance of individual genotypes, similar pattern of development was followed by Sonali, Abhay and Victoria. Sharp deviation was noted for other two genotypes, for which enhancement in germination potential continued till 42 DAA and then declined at field maturity (49 DAA), though non-significant decline was noticed for Deepali in both the years. Higher germination potential of seeds at all stages for Selection 9 and Deepali in both the years continued till 42 DAA, and lower magnitudes for other three genotypes may be due to unique expression of genotypic preference to environmental conditions prevailed during seed development and maturation I  II  I  II  I  II  I  II  I  II  I  II  I over the years, and/or may be due to non-significant difference in its performance. Reduced magnitude at 49 DAA for Selection 9 and Deepali may have been resulted from over maturity or non-significant expression of the same.
Vigour index has been considered here as joint function of germination (%) and seedling length. It was determined with the highest magnitude till 42 DAA for Selection 9 in both the years, when average was made over the stages of development, followed by Deepali, Victoria, Abhay and Sonali in first year; while position was inter-changed between Abhay and Victoria in the second year, indicating that Selection 9 possesses the genetic potentiality for production of seeds with high vigour status and reverse scenario for Sonali (Table 3) . Seeds produced at 28 DAA were of [13] with regard to the trend in changes of seed quality parameters in Lablab bean. They also noticed that variation in physiological maturity of seed is dependent on genetic makeup of the genotypes.
Conclusions
Genotype specific potential could be noticed for production of seeds with higher vigour status after post-fertilization development. Attainment of physiological maturity mostly depends on genetic architecture of individual genotypes. Harvesting at 49 DAA may be advised for achieving seeds with better quality in general, though it can be made at 42 DAA for the early types.
